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(54) ELECTROLYTE FOR LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To impart flame resistance, and 
to provide excellent lithium cycle efficiency and cycle 
characteristic by constituting an electrolyte by blending 
lithium salt and a cyclic organic compound of a specific rate 
with normal temperature type molten salt composed of a 
cation of specific quaternary imidazolium or quaternary 
pyridinium and an anion joined to this. 
SOLUTION: A quaternary imidazolium cation is expressed 
by formula I, quaternary pyridinium cation is expressed by 
formula II, and a cyclic organic compound such as cyclic 
ester, cyclic ether or a sulfur containing cyclic compound is 
blended by 1 to 130 volume % with normal temperature type 
molten salt. This molten salt is noninflammable since it has 
no vapor pressure at a temperature of a wide range, and the 
cyclic organic compound reduces viscosity of an electrolyte 
to increase mobility of a lithium ion as well as to form an ion 
transmissive protective coating film on an interface by 
reacting with lithium metal and an alloy of a negative 
electrode active material. In formulas I and II, R1 and R3, R6 

independently represent an alkyl group having the carbon number 1 to 6 or 1 to 10, and R2, R4, R5 
independently represent hydrogen or an alkyl group having the carbon number 1 to 6. 
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Measurement of the cycle efficiency was carried out for 
a coin cell having a nickel plate or an aluminum plate (effective 
electrode area: 0.64 cm 2 ) as a working electrode and a lithium 
metal plate (effective electrode area: 0.64 cm 2 ) as an opposite 
electrode and containing an electrolytic solution in dry air 
atmosphere under the conditions of constant current density 
(current density: 0.2 mA/cm 2 ) , electrodeposition electric 
energy (0.12 C/cm 2 ) by using a charge-discharge apparatus 
(HJ-101SM6, manufactured by Hokuto Denko Corp.). The cycle 
efficiency was calculated according to the following equation: 
[0020] 

[Equation 1] 

electric energy consumed for dissolution . 

cycle efficiency (%) = — *300 

electric energy consumed for electrodeposition 

[0021] (Measurement of charge-discharge capacity) 

Using the electrolytes of Examples and Comparative 
Examples, coin type lithium secondary batteries (diameter 20 
mm and thickness 1.6 mm) were produced and charge-discharge 
capacity of each battery was measured. Each of the produced 
coin type batteries , as Fig. 1 showing the cross-sectional view, 
comprises a stainless case 1 working also as a positive pole 
terminal, a stainless sealing plate 2 working also as a negative 
pole terminal, and a gasket 3 sealing and insulating both 
terminals. The positive electrode 4 was produced by mixing 



11-307121 



lithium cobalt composite oxide (LiCo0 2 ) as a positive active 
material with acetylene black as a conductive agent and a f luoro 
resin as a binder at weight ratio of 90 : 5 : 5; dispersing the 
mixture in a solvent ( N-methylpyrrolidone ) for obtaining a 
slurry; applying the slurry to an aluminum foil as a positive 
current collector; drying the slurry; and forming a positive 
electrode in 12 . 5 mm diameter. The negative pole 5 was produced 
from a lithium metal foil with 16 mm diameter and 1.0mm thickness 
and the separator 6 was immersed in the electrolytic solution 
to compose the battery. The theoretical capacity of each 
battery was 142 Ah/kg in a voltage range of 2 . 5 V to 4 . 2 V . 
[0022] Examples 1 to 11 

Respective electrolytic solutions were produced by 
adding and mixing 25 parts by volume of the cyclic organic 
compounds shown in Table 1 to and with 75 parts by volume of 
l-ethyl-3-methylimidazolium t etraf luoroborate (hereinafter , 
abbreviated as EMIBFJ, which is a normal temperature molten 
salt, and dissolving LiBF 4 in a proper amount to be 1 mol/dm 3 
in the resulting mixture and the lithium cycle efficiency was 
measured. The results are shown in Table 1. 
[0023] Example 12 

An electrolytic solution was produced by adding and 
dissolving 25 parts by volume of y-butyrolactone and LiBF 4 in 
a proper amount to be 1 mol/dm 3 to and in 75 parts by volume 
of N-n-butylpyridinium tetraf luoroborate (hereinafter, 
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abbreviated as BPBF 4 ) used as a normal temperature molten salt, 
and the lithium cycle efficiency was measured. The results are 
shown in Table 1 . 
[0024] Example 13 

An electrolytic solution was produced by dissolving 25 
parts by volume of y- butyrolactone and LiAlCl 4 in a 
concentration of 0 . 4 mol/dm 3 in 75 parts by volume of 
1 -ethyl- 3 -methylimidazolium tetrachloroaluminate 
(hereinafter, abbreviated as EMIAICIJ used as a normal 
temperature molten salt, and the lithium cycle efficiency was 
measured. The results are shown in Table 1. 
[0025] Comparative Example 1 

An electrolytic solution was produced in the same manner 
as Example 1, except that no cyclic organic compound was used 
and the lithium cycle efficiency was measured. The results are 
shown in Table 1. 
[0026] Comparative Example 2 

An electrolytic solution was produced in the same manner 
as Example 12, except that no cyclic organic compound was used 
and the lithium cycle efficiency was measured. The results are 
shown in Table 1 . 
[0027] Comparative Example 3 

An electrolytic solution was produced in the same manner 
as Example 13, except that no cyclic organic compound was used 
and the lithium cycle efficiency was measured. The results are 
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shown in Table 1 . 
[0028] Example 14 

The charge-discharge capacity measurement was carried 
out for a coin type cell containing an electrolytic solution 
produced by adding 5 parts by volume of y-butyrolactone, to 95 
parts by volume of EMIBF 4 used as a normal temperature molten 
salt, and dissolving LiBF 4 in a concentration of 2.8 mol/dm 3 
in the mixture. The results are shown in Table 1 and Fig. 2 
[0029] Comparative Example 4 

An electrolytic solution was produced in the same manner 
as Example 14, except that no cyclic organic compound was used 
and the charge-discharge capacity measurement was carried out 
for the coin type cell containing the electrolytic solution. 
The results are shown in Table 1 and Fig. 2. 
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Lithium cycle efficiency: The average efficiency of 5 to 20 
cycles is shown. 
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